Concentrations of ambient air particles such as total suspended particulates (TSP), particulate matter (PM) 10 , and PM
I. Introduction
Asian dust (AD, also called Yellow Sand) storm is a seasonal meteorological phenomenon that sporadically affects East Asia. AD storms originate in the deserts of Mongolia and northern China, traverse east China, and reach the Korean peninsula, Japan, Hawaii, and even California.
AD is derived from alkaline soil or sands. However, AD attracts many different chemicals including gaseous products, heavy metals, and organic compounds when it traverse the region of industrialized eastern China. 3, 4) Recently, AD storms were found to be increasing in Korea because of rapid desertification in central and northern China and in Mongolia. According to the report of Korea Meteorological Administration (http://www.kma.go.kr), fewer AD storms per year had occurred before 1990, but this number has risen to 26 events with 47 dusty days of six spring seasons from 1996 to 2001, and more storms occur in the recent years. It is of interest that the ambient particle concentrations present in AD in Korea have increased. 5) In addition, the concentrations of hazardous chemicals such as heavy metals also appear to be on the rise in AD due to the rapid industrialization.
6)
Recent epidemiological studies demonstrated that AD storms are associated with a rise in daily mortality in Seoul, Korea 7, 8) and in Taipei, Taiwan.
9)
AD increased the frequency of cardiopulmonary emergency visits 10, 11) and daily stroke admissions 12) in Taiwan; it elevated the number of adverse respiratory symptoms and lowered peak expiratory flow in children with mild asthma. 13, 14) AD or ambient air particles also increased the incidence of lung inflammation and injury in pulmonary hypertensive rats. [15] [16] [17] [18] Based on the potential adverse effects of AD storms on human health, it would be of interest to know the path which an AD storm take and to know whether this may be correlated with higher health risks in individuals exposed to an AD storm. In the present study, we tried to compare the concentration of ambient particles and inorganic elements in different sites including the origin of AD, metropolitan cities in China and Korea.
II. Materials and Methods

Sampling sites
Samples were collected at 4 sites (Alashan and Beijing in China, and Seoul and Gosan in Korea) and the locations are shown in Fig. 1 . Three-day backward trajectories of AD arriving at Seoul was previously reported. 19) Alashan is a small city in the west of Inner Mongolia, China. The Bardain Jaran Desert, Tengger Desert, and Ulan Buh Desert are close to Alashan County, the districts of which are the main origins of AD in China. Samplers for TSP, PM10, and PM2.5 were located on top of a hotel on the west edge of Alashan. The sampling site was considered as a background site because no source of anthropogenic air pollution exists on the west side of the city, which is the border of the Tengger Desert. Sampling in Beijing was conducted on the seventh floor (approximately 20 m high) of a building at Peking University Health Science Center (PKUHSC). The site is near Xueyuan Road, which has heavy traffic in the Haidian District and considered an industrialized location. Sampling in Seoul was conducted on the top of a building at Dongduk Women's University in northern Seoul. Apartment complexes surround this university building, and a 6-lane road is approximately 500 m from the sampling site. Although there are no official data on the traffic density, it is busy with gasoline-fueled passenger cars and diesel-fueled trucks, natural gas-fueled buses, and motorcycles. No other sources of industrial pollution exist in the vicinity. Samplers at Gosan were set on the ground at a site near the Table 1 . Three sets of mediumvolume air samplers (TH-150 Sampler, Wuhan Tianhong Intelligence Instrumentation Facility, Beijing, China) for TSP, PM10, and PM2.5 were used for collecting the ambient particulate matter (PM) with 10 cm quartz membrane filters (Pal, NY, USA). Samples were collected regularly for 20 hrs/day, from 10:00 a.m. to 6:00 a.m. of the following day. During the break time of 4 hrs, filters were exchanged. Air flow was set at 100 L/ min. After sampling, filters were kept in a desiccator for at least three days to reduce the humidity of the samples, and then the samples were weighed. The sample weight was divided by air volume adjusted to the standardized air condition (20 o C, 1 atm).
Chemical analysis
For the chemical analysis of inorganic elements in the ambient air particles collected from the 4 different sites, part of each sampling filter (1/8 filter) was cut out and immersed in a mixed acid of 5% HNO 3 (5 ml) and 15% HNO 3 (2 ml) respectively, then diluted up to 10 ml with 1% HNO 3 . Filters were immersed overnight at room temperature, and then extracted with a temperaturecontrolled electrical heater. After acid extraction of the sampling filters, inorganic elements were measured by AFS230E hydride-activating atomic fluorescence spectrophotometer (AFS) (Beijing Haiguang Instrument Co., Beijing, China), AA2610 atomic absorption spectrophotometer (AAS) (Beijing Chaoyang Huayang Pphotic Instrument Co., Beijing, China), and Elan DRC type-II electricityinduced coupling plasma mass-spectrograph (PerkinElmer Sciex Co., Waltham, MA, USA). Detection limits (ng/L) are as follows: Al: 90, Cr: 2, Mn: 3, Fe: 900, Ni: 5, Cu: 30, Zn: 60, Cd: 3, Pb: 12, As: 40, Na: 2,000, Mg: 2,000, K: 2,000, Hg: 4, and Ca: 500. Quality assurance was conducted by an external expert and no specific issues were found.
Statistical analysis
Regression analysis was performed using SPSS (Statistical Package for Social Sciences) for the correlation study of PM 10 and inorganic elements.
III. Results
During the sampling period, the concentrations of TSP, PM10, and PM2.5 were highest in Alashan among the 4 sampling sites ( Table 2 Table 2 , and it was used to calculate the distribution of particle fraction to TSP. The distribution ranged from 63-70% in the case of PM10 and from 290-36% in the case of PM2.5 at the 4 sampling sites. The PM2.5 ratio to PM10 ranged from 45-57%. The ratio of PM2.5/TSP in Alashan was 34.5%, which indicates that PM2.5 is also a main component of AD.
The concentrations of inorganic elements are shown in Table 3 for PM2.5 and Table 4 for PM10. In Beijing, concentrations of toxic heavy metals, such as lead (Pb), arsenic (As), and cadmium (Cd) in PM2.5 were higher than in Alashan or in Seoul. In the case of the Pb level in PM10, the average daily concentration in Beijing reached 240.6 ng/m 3 , which is approximately 5-fold higher than that in Alashan. The concentration pattern of inorganic elements in PM2.5 among the 4 sampling sites was similar to that of PM10. The mean concentrations of chromium (Cr) or nickel (Ni) in Alashan were higher than thoses in other cities (Table 3 and Table 4 ). The concentrations of inorganic elements that may originate from soil sources such as iron (Fe), aluminum (Al), magnesium (Mg), manganese (Mn), and sodium (Na) were higher in Alashan than those of in Beijing or Seoul. The increased levels of soil-originated elements were attributable to elevated amounts of PM. Based upon regressional analysis, the concentrations of anthropogenically enriched elements, such as Pb, As, and Cd were not correlated with the concentration of PM10. The correlation coefficiency (R Table 6 , in which anthropogenic elements and natural soil element were compared, the concentrations of As, Pb, and Cd in PM10 and PM2.5 were always higher in Beijing and Seoul than those in Alashan and Gosan during the AD storm. The Alashan PM10 level was 1,824.7 µg/m 3 on May 23 when the AD event was observed. The Beijing PM10 level was 144.4 µg/m 3 on May 23 when the AD event was not observed. The PM 10 level in Alashan was 12.6-fold higher than in Beijing (Table 5 ). However, the As levels were 8 ng/m 3 in Alashan and 32.9 ng/m 3 in Beijing (Table 6 ). When the As concentration was calculated by weight of the particles, it was found that it was approximately 4.4 ng/mg-particle in Alashan, but 235 ng/mg-particle in Beijing. Results indicate that concentration of As in PM10 collected in Beijing was 53-fold higher than in Alashan. The concentrations of the inorganic compounds Al, Mg, Na, Mn, and Fe in PM10 and PM2.5 increased with the elevated levels of particle concentrations during the AD storm (Tables 5  and 6 ). "-" ; sampling was not done due to rain, -; sampling was not done because of rain. *; anthropogeniclly enriched inorganic elements.
IV. Discussion
The concentrations of TSP, PM10, or PM2.5 in Alashan were markedly higher compared with those in other cities. [20] [21] [22] It is interesting to note that the ratio of PM2.5/TSP in Alashan was not significantly different from those of Beijing or Seoul because it has been known that distribution of PM2.5 is relatively low in non-polluted areas.
23)
PM2.5 collected in Alashan did not originate from anthropogenic sources but from natural soil. However, PM2.5 distribution during the AD in Alashan may be higher than expected based on the ratio of PM2. 
25,26)
In general, the concentrations of inorganic elements in PM were increased as the increase of concentration of PM10 or PM2.5. [27] [28] [29] However, there was a regional difference in concentrations of anthropogenic metals. When the concentrations were compared among the 4 sampling sites, the concentrations of possible anthropogenically enriched elements, such as Pb, Cd, Hg, As, Cu, and Zn, were higher in the metropolitan cities of Beijing and Seoul compared to Alashan (Table 4) . As indicated previously, particle concentrations of PM10 and PM2.5 in Alashan were higher than those in other sampling sites, but total concentrations of anthropogenically enriched elements were greater in Beijing or Seoul than in Alashan. Data thus indicate that there are many sources of environmental pollution in metropolitan cities. The mean concentration of Cr or Ni was greater in Alashan than Beijing or Seoul. Previous reports suggested that Cr and Ni reflect soil sources 3) . However, when the metal concentrations were calculated by particle mass (ng metal/mg weight of particle), not by total ambient air volume, the concentrations of Cr and Ni were higher in Beijing and Seoul compared to Alashan. It seems that Cr or Ni released from industrial sources or other environmental pollution sources was also attached to the particles in the metropolitan cities of Beijing or Seoul. The concentration of soil originated inorganic compounds such as Al, Mg, Na, Mn and Fe was elevated on the day of AD and well represented the change of particle concentration. However, it seemed that the anthropogenic compound including As, Pb and Cd did not always represent the particle concentration (Table 6) . A recent study on the source identification of metals included size-fractionated airborne PM suggests that high loadings on Fe, Mn, and Cr reflect soil sources. 30) Particles collected in central Taiwan during an AD event in the spring of 2000 also showed a high loading of the crustal elements Ca, Mg, Al, and Fe.
31) The samples collected in Alashan displayed the highest concentration of soil-derived inorganic elements 32, 3) and may be indicators of an AD storm, as shown in Table 4 . The changes of the particle concentration of PM10 and PM2.5 were almost the same as those of TSP at the sampling sites. Several reports also indicated that PM2.5 increased during AD storms. [33] [34] [35] In summary, AD storm originating in Alashan attracts anthropogenically enriched heavy metals as the storm traverses the region of industrialized eastern China. PM2.5 as well as PM10 and TSP, is predominant components of AD which originate in Alashan as reflected by the ratio of PM2.5/TSP.
The hazardous heavy metals in AD were highter in metropolitan area, Beijing and Seoul than those in Alashan and Gosan.
V. Conclusion
The concentrations of the ambient particles TSP, PM10, and PM2.5 were monitored simultaneously at four different locations on the AD pathway: Alashan and Beijing in China, Seoul and Gosan in Korea. Sampling was done from May to June 2007 for about 30 days and an AD event was observed during the period. Inorganic elements, including hazardous heavy metals, were also measured in the collected particles to know the changes of metal concentrations, when the AD passed over metropolitan cities.
1. During the sampling period in Alashan and Beijing, the average particle concentrations of TSP, and PM10 were higher than 150 µg/m 2. The concentrations of anthropogenic compounds, such as Pb, Cd, Hg, As, Cu, and Zn, were higher in the metropolitan cities of Beijing and Seoul than those in Alashan and Gosan. The concentrations of inorganic elements which may originate from soil sources such as Fe, Al, Ca, Mg, and Na, were higher in Alashan than those in Beijing or Seoul.
3. When we compared the concentrations of anthropogenic heavy metals along the sampling sites from Alashan to Beijing and then to Seoul and Gosan, it was found that the anthropogenic elements (Pb, As, Cd) were not correlated with the AD concentration by regressional analysis. However, the concentrations of inorganic elements Al, Mg, and Fe bound to PM10 and PM2.5 were correlated with the concentrations of PM10 and PM2.5 during the AD event.
4. The fractional distribution of AD originated in Alashan in May was as follows: PM10/TSP 63%-70%, PM2.5/TSP 30%-34%, and PM2.5/PM10 46%-57%, which means that fine particles are also major component of AD originated in the Alashan region.
